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Abstract 
For applications in proton exchange membrane fuel cells at low relative humidity, the composite membranes were 
prepared with ionic liquids and yttrium oxide (Y2O3). The conductivities of composite membranes were higher than 
that of the pure SPEEK membrane. The conductivity of composite membranes modified with 1-ethyl-3-
methylimidazole tetrafluoroborate (EB) or 1-butyl-3-methylimidazole methanesulfonate (BS) and Y2O3 were 0.08 
S·cm-1 and 0.11S·cm-1 at 80ºC, 100% relative humidity(RH) while were 0.07 S·cm-1 and 0.09 S·cm-1 at 80ºC, 50% 
relative humidity (RH), respectively. The water uptake property would be slightly improved when containing ionic 
liquids and Y2O3. Compared with pure SPEEK membrane, the thermal stability of composite membranes modified 
with ionic liquids and Y2O3 was slightly increased by thermal gravimetric analysis, showing the promise for the use 
at temperatures up to 200ºC. The tensile stresses at break of the composite membranes were respectively 2.61 MPa 
(EB51) and 2.33 MPa (BS51) at room temperature. The coordination of ionic liquids and Y2O3 was a good potential 
method for improving the conductivity at low relative humidity. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of MRS-Taiwan 
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1. Introduction 
Sulfonated polysulfone [1], sulfonated polyethersulfone [2, 3], sulfonated poly(2,6-dimethyl-1,4-
phenylene oxide) [4] and sulfonated poly(phthalazinone ether sulfone ketone) have been used as proton 
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exchange membrane in the direct methanol fuel cells (DMFC). In the last decade, growing attentions have 
been paid to sulfonated poly(etheretherketone) (SPEEK) due to its good chemical stability and mechanical 
properties. Compared with these polymers, SPEEK has better chemical stability and mechanical property, 
but its integrative properties strongly depend on the degree of sulfonation (DS). However, the DS has a 
contrary effect on both of the proton conductivity and methanol permeability. SPEEK membrane with 
high DS has good proton conductivity together with high methanol permeability [5-7], while has poor 
proton conductivity and lower methanol permeability in the low DS condition. Recently, ionic liquids 
have also been used to develop high conductivity and good thermal stability due to their anhydrous high 
conductivity and good thermal stability [8-11], though the proton conductivity of composite membranes 
based on ionic liquids is lower than that of the original ionic liquids [9,11]. In this paper, the composite 
membranes based on SPEEK and ionic liquids and Y2O3 would be reported. The properties, such as 
proton conductivity, water uptake, mechanical property and thermal stability, were studied in detail. The 
results showed that this method was suitable for further research of PEMs. 
2. Experimental 
The formula of membranes was described in Table 1. Poly(etheretherketone) (PEEK) was obtained 
from Chemistry Department of Jilin University (Jilin, China), in the form of particle, and SPEEK was 
prepared as reported in the literature [12]. After SPEEK with DS of 65% was triturated, it was dissolved 
in dimethylacetamide offered by Sinopharm Chemical Reagent Co., Ltd (Shanghai, China), to make 
10wt% solution. Then the mixture was doped with ionic liquids, such as 1-ethyl-3-methylimidazole 
tetrafluoroborate (EB), 1-butyl-3-methylimidazole methanesulfonate (BS) offered by Shanghai Chengjie 
Chemical Co., Ltd. (Shanghai, China) and yttrium oxide (Y2O3) with a particle size of 100nm, offered by 
Shanghai Huaming Gaona Rare Earth New Materials Co., Ltd (Shanghai, China), then stirred at room 
temperature for 4h, to prepare the composite membranes. 
Fourier transform infrared (FTIR) spectra of the membrane specimens were recorded with a AVATAR 
370 infrared spectrometer (Thermo Nicolet Instrument Co., USA), using thin membrane specimens in the 
scanning range of 600-4000 cm-1.
The proton conductivity of membrane specimens in the traverse direction was measured in a 
measurement cell using AC electrochemical impedance spectroscopy (EIS), which was composed of a 
Solartron Instruments 1287 electrochemical interface and a Solartron Instruments 1255B frequency 
response analyzer (Farnborough, UK), both of which were interfaced via GPIB to a computer [13]. 
The water uptake (Sw) of the membrane specimens were calculated by measuring the weight difference 
between the dry and hydrous membrane specimens [13]. The dried membrane specimens at 90 °C for 24 h 
were weighed and then immersed in deionized water for 24 h. Then the membranes were wiped with 
blotting paper to remove the surface water and quickly weighed again. The Sw was calculated using 
equation (1). 
Sw=(mwet-mdry)/mdry×100%                                                                                                                 (1) 
Nomenclature 
Sw water uptake  
mdry the mass of dry membrane  
mwet  the mass of membrane after immersion in deionized water 
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The mechanical strengths of the hydrated membranes were measured with a tensile strength instrument 
DXLL-20000 (Shanghai, China) for measuring at room temperatures.  
The thermal stability of membranes was evaluated by recording thermo-gravimetric (TG) traces in 
nitrogen atmosphere (Q500, TA Company, USA). Heating rate of 10°C·min-1, temperature range from 
50°C to 400°C and specimen weight of 5±2 mg in the membrane form was used for recording TG traces. 
Table 1.Different composite membrane specimens. 
Ionic Liquids (wt.%) 
Specimens SPEEK (wt.%) 
EB BS 
Y2O3 (wt.%)
SPEEK 100 0 0 0 
EB51 94 5 0 1 
BS51 94 0 5 1 
3. Results and discussions 
3.1. Structure 
FTIR spectra of pure SPEEK membrane and composite membranes with ionic liquids were recorded 
and shown in Fig. 1.The absorption peaks at 1188cm-1 and 1643cm-1 corresponded to the groups of -Ar-
O- and -Ar-C(=O)-Ar-, indicated that the structure of ether ketone appeared in the SPEEK. The intense 
band at 1000-1200 cm-1 indicated -SO3H stretching in all the membrane specimens, which included the 
band at 1023 cm-1 for S=O stretching and the band at 1224 cm-1 for O=S=O symmetric stretching. 
However, only a weak absorption at 1159 cm-1 can be observed in the spectrum of BS51. It was due to the 
interaction between the sulfonic acid groups and the cations of the ionic liquids, even disappeared in 
EB51. The peak at 1595 cm-1 was denoted by the stretching vibration of C=N in imidazole rings. 
Simultaneously, the broadband between 2900 cm-1 and 3400 cm-1 corresponding to the C-H stretching 
vibration of imidazole ring in EB and BS were observed. 
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Fig.1. Infrared spectra of pure SPEEK membrane, EB51 and BS51 composite membrane. 
3.2. Proton conductivity 
Figure 2 (a) and (b) showed the conductivities of EB51, BS51 composite membranes and pure SPEEK 
membrane at 50% and 100% relative humidity (RH) from 30°C to 90°C, respectively. Both EB51 and 
BS51 composite membranes had higher conductivities than pure SPEEK membrane at different relative 
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humidity with the least value of 0.01 S·cm-1 (at 30°C, 50% RH), which shows the practical interest in fuel 
cell. When temperature increased to 90°C, all the composite membranes got the highest proton 
conductivity with EB51 were 0.08 S·cm-1 (50% RH) and 0.09 S·cm-1 (100% RH), while BS51 were 0.10 
S·cm-1 (50% RH) and 0.12 S·cm-1 (100% RH), respectively. The higher conductivity was attributed to the 
larger hydrophilic regions formed between ionic liquids and sulfonic acid groups and removability of 
ionic liquids, which were benefit for proton transportation [13]. Besides, the continuous formation and 
breakdown of hydrogen bond between sulfonic acid groups and EB or BS simultaneously accelerated the 
proton hopping, which increased the proton conductivity of composite membranes with ionic liquids. 
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Fig.2. (a) Proton conductivity of EB51 membrane and pure SPEEK membrane vs. temperature; (b) Proton conductivity of BS51 
membrane and pure SPEEK membrane vs. temperature. 
Also, it was apparent that different humidity partly affected the proton conductivity at low temperature. 
At 30°C, the proton conductivity of EB51 membrane specimen at 100% RH (0.023 S·cm-1) was nearly 
two times of that at 50% RH (0.012 S·cm-1), and BS51 membrane specimen at 100% RH (0.036 S·cm-1)
was more than two times of that at 50% RH (0.017 S·cm-1). However, when the temperature increased, 
the effect became weaker, especially up to 90°C, the difference was smaller. At high temperature, no 
matter under 50% RH or 100% RH, the proton conductivity of BS51 membrane specimen got nearly 0.12 
S·cm-1 and EB51 membrane specimen also got the conductivity of 0.09 S·cm-1. At low temperature, ionic 
liquids and water molecule played an important role in proton transportation. When the temperature 
increased, the proton transporting tended to depend on the ionic liquids because of the loss of water in the 
doped membranes, so the proton conductivity at different relative humidity got closer as increasing 
temperature, especially at the 90°C. Moreover, the BS51 specimen was expected to be higher because of 
the adding effect of proton conductivity enhancing sulfonic acid groups in composite membrane. 
3.3. Water uptake 
As shown in Table 2, the water uptake of membrane specimens was increased as the temperature rising. 
The water uptake of composite membrane specimens were lower than that of pure SPEEK membrane 
specimen, which demonstrated the coordination or neutralization of acid-base occurred between sulfonic 
acid groups and Y2O3, leading to the fewer amount of sulfonic acid groups and lower water uptake. 
However, the proton conductivities of the composite membrane specimens were higher than that of pure 
SPEEK membrane specimen, indicated the ionic liquids played an important role for proton transfer in 
proton exchange membrane: strengthening the proton transfer, reducing the dependence on the water 
molecule and enhancing the proton conductivity. 
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Table 2.Water uptake of pure SPEEK membrane, EB51 and BS51 composite membranes as a function of temperature. 
Water uptake (wt.%) 
Specimens 
30°C 40°C 50°C 
SPEEK 41.30 42.79 43.91 
EB51 12.37 14.93 18.51 
BS51 22.38 24.11 25.45 
3.4. Mechanical properties 
The mechanical properties of EB51 and BS51 composite membrane specimens were shown in Table 3. 
As expect, both of composite membranes possessed higher tensile strength but lower elongation at break. 
The tensile strength of EB51 specimen was the strongest among three specimens, but the pure SPEEK 
specimen was the lowest, while the elongations at break were opposite. It was probable that the strong 
electrostatic force of EB or BS and sulfonic acid groups restricted the stretch of backbone and hindered 
the strain during extension. This attractive result implied that the flexibility of doped membranes was 
greatly influenced by the added ionic liquids. Also, the steric hindrance caused by EB membrane 
specimen was smaller than that of BS membrane specimen, which made molecular chains shift easier, 
increased the flexibility of membrane specimens. Furthermore, the strong interactions of EB and Y2O3 in 
membrane specimens induced the interactions between molecular chains, leading to the increase of tensile 
strength. These tensile strengths showed enough intensity for fuel cell applications. 
Table 3.Tensile properties of pure SPEEK membrane, EB51 and BS51 composite membranes. 
Specimens Tensile strength (MPa) Elongation at break (%) 
SPEEK 1.94 90.09 
EB51 2.61 84.75 
BS51 2.33 15.86 
3.5. Thermal stability 
The thermal stability of pure SPEEK and composite membranes were shown in Fig. 3. A discrete two 
steps degradation profile was observed for all membrane specimens. The first mass loss occurred in the 
temperature at about 100°C, which was mainly attributed to the evaporation of water and solvent, which 
interacted with the sulfonic acid groups during the sulfonation process and solvent molecules during the 
preparation membranes [14]. The second stage degradation occurred in temperature between 250-350°C 
was ascribed to the elimination of the sulfonic acid groups [15-17]. Both the decomposition temperature 
of the EB51 and BS51 composite membrane specimens were about 50°C higher than that of the pure 
SPEEK membrane specimen. Apparently, the interaction between sulfonic acid groups and EB or BS 
ionic liquids promoted the thermal stability of the composite membranes. The BS51 and EB51 of 
composite membrane specimens showed the promise for the use of proton exchange membrane. 
4. Conclusions 
The composite membranes were prepared with 1-ethyl-3-methylimidazole tetrafluoroborate (EB) or 1-
butyl-3-methylimidazole methanesulfonate (BS) and yttrium oxide (Y2O3) by blending method. 
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Comparing properties with pure SPEEK membrane, the results showed that: 
(1) The composite membranes modified with EB or BS ionic liquids and Y2O3 showed higher 
conductivities than pure SPEEK membrane with values of 0.08 S·cm-1 (EB51) and 0.11 S·cm-1 (BS51) at 
80ºC, 100% RH while were 0.07 S·cm-1 (EB51) and 0.09 S·cm-1 (BS51) at 80ºC, 50% RH, respectively. 
(2) The composite membranes possessed higher tensile strength but lower elongation at break. The 
tensile strength of EB51 specimen was the strongest among all the specimens, but the pure SPEEK 
specimen was the lowest, while the elongations at break were opposite. 
(3) The thermal stability of composite membranes modified with ionic liquids and Y2O3 slightly 
increased. Both the decomposition temperature of the EB51 and BS51 composite membrane specimens 
was about 50°C higher than that of the pure SPEEK specimen, respectively. 
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Fig. 3. TGA curves of (a) pure SPEEK membrane, (b) EB51 membrane and (c) BS51 membrane. 
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